Storage stability and shelf-life of mango pulp packed in three different packaging films and processed using an optimized thermal-assisted high pressure processing treatment 'HPP' (600 MPa/52 C/10 min) was analyzed during refrigerated (5 C) and accelerated (37 C) storage and compared with the conventional thermal treatment 'TT' (0.1 MPa/95 C/15 min). After processing, HPP resulted in relatively lower total color difference (3.5), retained higher ascorbic acid (95%), total phenolics (106%), total flavonoids content (118%) in mango pulp compared to TT, with values of 5.0, 62, 83, 73%, respectively. However, HPP led to $50% enzymes inactivation (pectin methylesterase, polyphenol oxidase, peroxidase) in comparison to >90% obtained during TT. Both HPP and TT resulted in > 5 log 10 units reduction of the studied microorganisms to give a safe product. In contrast to the refrigerated storage, quality changes under accelerated conditions were found to be considerably rapid and dependent on packaging material irrespective of the method of processing. Shelflife under refrigeration was limited by microbial growth and sensory quality; whereas, browning restricted the shelf-life during accelerated storage. HPP in aluminum-based retort pouch was adjudged superior processing -packaging combination for maximizing the shelf-life of mango pulp to 120 and 58 days during refrigerated and accelerated storage, respectively. In comparison, TT led to higher quality changes upon processing than HPP and resulted in shelf-life of 110 and 58 days under the same packaging and storage conditions, respectively.
INTRODUCTION
India is the largest producer of mango fruits in the world and second most important exporter of fresh mangoes worldwide (after Mexico), shipping about 17% of the global total (Indian Horticulture Database, 2015) . Apart from fresh mangoes, mango pulp is also a popular commodity for export from India, with an estimated trade of $129,000 MT for mango pulp (Rawson et al., 2011) . To mask these processing effects and obtain favorable changes in the product characteristics, chemical stabilizers, preservatives, and artificial flavors are used, which are not preferred by today's health conscious consumer.
The consumer demand for fresh-like minimally processed foods has increased in recent times. Among them, fruit products especially pulp and juices are desired as they are easy to consume and possess health-promoting attributes (Chakraborty et al., 2014a) . Alternate processing methods such as high hydrostatic pressure processing or high pressure processing (HPP) have been explored during last two decades to fulfill these requirements (Barrett and Lloyd, 2012) . The main concerns of food industry regarding the commercialization of HPP, apart from cost and consumer acceptance, are its efficiency in extending shelf-life and maintaining product quality during storage. In this regard, the destruction of microbes concerning food safety has been achieved successfully using commercially viable pressure ranges alone (up to 600 MPa) but complete enzyme inactivation is challenging in most foods and may require application of ultrahigh pressures (>700 MPa), which is economically nonviable at present . Recently, use of additional hurdles such as acidic pH, moderate temperatures, antibrowning agents, bacteriocin, etc. with high pressures has been advocated for achieving substantial shelf-stability of food products (Barba et al., 2012) .
The effects of high pressure treatment on various fruit products and their storage stability have been reported extensively as reviewed by Rawson et al. (2011) and Barba et al. (2012) , respectively. However, similar reports are still limited for popular tropical fruit products, such as mango. This information is significant because the effects of high pressures differ according to treatment intensity and the food matrix, which suggests that each matrix should be studied separately (Barba et al., 2012) . Hence, the present study aims to compare the impact of an optimized thermal-assisted high pressure processing, henceforth referred to as HPP, with conventional thermal treatment (TT) on mango pulp quality, their storage stability under three different packaging films and two different storage conditions (refrigerated and accelerated), and estimation of shelf-life.
MATERIALS AND METHODS

Sample preparation and packaging
Mangoes (Mangifera indica cv. Amrapali) were harvested at their commercial maturity (90-100 days after fruit onset) from the Research Farm of Agricultural and Food Engineering Department, Indian Institute of Technology Kharagpur, India. Mango pulp was prepared as detailed by Kaushik et al. (2014) . Prior to processing, the pulp was vacuum packaged in three different films: coextruded polyethylene-nylon-polyethylene laminate (CoEx) (thickness: 110 AE 1 mm; oxygen transmission rate (OTR): 5.8 Â 10
À6 ml m À2 s À1 at 101.3 kPa; water vapor transfer rate or WVTR: 2.0 Â 10 À5 g m À2 s À1 ), ethylene vinyl alcohol copolymer (EVOH) (thickness: 110 AE 1 mm; OTR: 5.8 Â 10
À6 ml m À2 s À1 at 101.3 kPa; WVTR: 2.8 Â 10 À5 g m À2 s À1 ), and aluminum-based retort pouch (AL) (thickness: 120 AE 1 mm, OTR: 3.9 Â 10 À6 ml m À2 s À1 at 101.3 kPa; WVTR: 5.8 Â 10 À7 g m À2 s À1 ) using a vacuum packaging machine (Model: Tabletop Lab; Make: Winner Electronics, Mumbai, India), where a vacuum of 96 kPa (95% vacuum) was achieved in the packages.
Processing conditions
Packaged mango pulp samples were subjected to HPP and TT. The processing condition of HPP was 600 MPa at 52 C for 10 min as optimized during previous experimentation using response surface methodology and numerical optimization techniques considering both quality (minimization of color changes, maximization of enzyme inactivation, and retention of sensory quality) and microbial safety criteria (>5 log 10 reduction of microbes (aerobic mesophiles (AM), psychrotrophs, lactic acid bacteria (LAB), coliforms, yeast, and mold) for a high quality product . In addition, the selected HPP condition also resulted in >5 log 10 reduction of Salmonella enterica, Staphylococcus aureus, Listeria innocua, and Saccharomyces cerevisiae (Kaushik, 2016) . Prior to HPP, the samples were preconditioned to 35 C in a water bath (Model: RHCB; Make: Reico Instrument & Equipment, India). HPP was conducted using 30% monopropylene glycol as pressure-transmitting medium (process fluid) in a batch mode HPP system (Model: S-IL-100-250-09-W; Make: Stansted Fluid Power Systems, UK) consisting of a jacketed 2L vessel (for maintaining the process temperature). Pressurization rate was fixed at 300 MPa/min and decompression rate was rapid with decompression achieved in <10 s.
Acidic foods (pH < 4.6) require less heat, and often a treatment of $93 C for 15 min will ensure commercial sterility (Barrett and Lloyd, 2012) . Hence, for thermal processing, mango pulp (pH $ 4) was treated at 95 AE 1 C for 15 min (Vasquez-Caicedo et al., 2007) in a digital water bath (5 L capacity) attached with temperature controller (Model: RWBS; Make: Reico Instrument & Equipment, India). Total process time was approximately 17 min which included come up Food Science and Technology International 24(1) time for heating (from ambient temperature of 27 to 95 C as measured at center of the sample packet), holding at 95 C for 15 min and cooling to ambient temperature (by dipping the samples in ice water).
Product characterization
The high pressure processed mango pulp was characterized for following quality attributes: color parameters, biochemical attributes, bioactive components, sensory attributes, enzyme inactivation, and natural microflora, as per the methodology detailed in ''Quality analysis'' section. The quality of the HPP product was also compared with its fresh (untreated pulp) and thermally treated counterparts.
Storage conditions
Different treatment-packaging combinations mango pulp samples were coded as follows: Untreated-CoEx, Untreated-EVOH, Untreated-AL, HPP-CoEx, HPP-EVOH, HPP-AL, TT-CoEx, TT-EVOH, and TT-AL. All the samples were kept under two different storage temperatures: refrigerated (5 AE 0.5 C) and accelerated (37 AE 1 C). Accelerated storage conditions were based on tropical temperature regimes. During refrigerated storage, processed samples were drawn at 0, 20, 40, 60, 70, 80, 90, 100, 110, 120 days for quality analysis, while sampling during accelerated storage was performed on 0, 7, 14, 21, 28, 33, 38, 43, 48, 53, 58, 63 days. Untreated mango pulp was analyzed at 0, 5, 10, 15, 20 days during refrigerated and at 0, 1, 2, 3 days during accelerated storage.
Quality analysis
Color parameters. CIE (Internationale de l'e´clairage) color parameters L* (lightness), a* (red-green), and b* (yellow-blue) of the samples were estimated using a portable colorimeter (Model: Spectro-guide 45/0 gloss; Make: BYK Gardner, Germany) and total color difference, i.e. TCD value was estimated as per Kaushik et al. (2016) . The browning index (A 420 ) was evaluated to represent the formation of brown color in mango pulp samples (Cohen et al., 1998) . Briefly, pulp and ethanol were mixed in the ratio of 1:5 (w/v) followed by centrifugation at 2500 RCF for 10 min at 4 C. The absorbance of the supernatant was measured at 420 nm in a UV-Visible spectrophotometer, using ethanol as blank and the results have been presented as A 420 values.
Biochemical attributes, bioactive components, and antioxidant capacity. The pH, titratable acidity (TA) (g citric acid 100 g À1 ), and total soluble solids (TSS) ( Brix) contents of mango pulp were determined using standard methods (Ranganna, 2007) .
The bioactive components of mango pulp as determined by ascorbic acid (AA) (mg 100 g À1 ), total phenolics (TP) (mg GAE 100 g À1 ), total flavonoids (TF) (mg QE 100 g À1 ) content, and antioxidant capacity (mg 100 g À1 ) were estimated using standard protocols. Briefly, AA content (mg/100 g) of fruit pulp was determined using titration with standardized 2,6-dichlorophenol-indophenol dye solution (Ranganna, 2007) . Ethanolic extract was used for the analyses of TP, TF, and antioxidant capacity of mango pulp. TP content of fruit pulp was determined by FolinCiocalteu method, using gallic acid (GA) as standard for the phenolics and expressed as mg Gallic acid equivalent (GAE)/100 g mango pulp on fresh weight basis (Kaushik et al., 2014 ) TF content of pulp was estimated using aluminum chloride colorimetric method, considering Quercetin as standard and expressed as mg of Quercetin equivalents per 100 g of fresh weight (mg QE/100 g) of mango pulp .
The antioxidant potential of the mango pulp samples was determined as free-radical scavenging capacity using two different methods: DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS þ (2,2 0 -azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid)) assays. The antioxidant capacities were expressed as mg of gallic acid equivalent antioxidant capacity (GAEAC) per 100 g of mango pulp and have been represented as gallic acid equivalent antioxidant capacity estimated using DPPH assay (GAEAC DPPH ) (Kaushik et al., 2014) and gallic acid equivalent antioxidant capacity estimated using ABTS assay (GAEAC ABTS ) , respectively.
Enzymes activity. Several enzymes are relevant to the quality of fruit pulp, among which pectin methylesterase (PME), polyphenol oxidase (PPO), and peroxidase (POD) have been found to be relatively more pressure resistant (Chakraborty et al., 2014a) . Hence, activities of these three enzymes were studied during processing and storage of mango pulp following the standardized protocols .
Briefly, the PME enzyme assay was carried out in an automatic titrator (Model: 877 Titrino plus; Make: Metrohm AG, Switzerland). PME activity was expressed as microequivalents of ester hydrolyzed per unit time per gram of pulp sample. The PPO and POD enzyme activities were estimated spectrophotometrically using crude enzymes extracted from mango pulp with catechol as the substrate Sensory analysis. Sensory quality was determined for the samples under refrigerated storage only, using the likeness test ''9-point hedonic'' sensory methodology (Ranganna, 2007) . Fifteen semitrained judges comprising of research scholars from the Department of Agricultural and Food Engineering, IIT Kharagpur were selected for the panel on the basis of good health, average sensitivity, with interest in sensory evaluation, ability to concentrate and learn, familiarity with fruit beverages, and their willingness to participate on a regular basis. Prior to analysis, judges were trained by discussing the definition of quality attributes selected for sensory evaluation, explaining the score sheet and method of scoring. They were advised to rinse their mouth with plain water between tasting the consecutive samples (Jaya and Das, 2003) . Sensory responses were obtained from the judges in the form of sensory scores ranging from 1 to 9 (score 1 implied that sample was ''disliked extremely'' and 9 implied it was ''liked extremely'') for the following sensory attributes: color, appearance, body, aroma, taste, mouthfeel, and aftertaste. These attributes have been identified as the key parameters affecting the sensory likeness of fruit products (Sabbe et al., 2009 ). Judges were also asked to score the importance of the quality attributes on the scale of 0-5 (0 implied that attribute was ''not necessary'' and 5 implied that it was ''extremely important''). From the sensory data obtained, overall sensory acceptability (OSA) of the sample was calculated using the formula given in equation (1) (Chakraborty et al., 2014b) OSA
where S is the average hedonic score for a particular quality attribute, I is the importance assigned to that attribute, and n is the total number of attributes.
Shelf-life estimation
Shelf-life of mango pulp samples was estimated based on retention of critically affected quality attributes during refrigerated and accelerated storage. The selection of shelf-life limiting parameters and associated critical limits have been discussed later in ''Quality loss indicators and shelf-life estimation'' section.
Experimental design and statistical analysis
Experiments were conducted according to full-factorial experimental design with following independent variables: processing method, packaging type, storage temperature, and storage duration. The regression analysis of experimental data was performed in Microsoft Excel 2013 software (Microsoft Corporation, USA). ANOVA was performed using Design-Expert Version 7.0.0 (Stat-Ease Inc., Minneapolis, USA) and the pairs of means were compared by Fisher's least significant difference test at a confidence interval of 95%.
RESULTS AND DISCUSSION
The influence of processing and subsequent storage on various quality attributes of mango pulp have been discussed in the following section.
Quality characterization of optimized HPP mango pulp and its comparison with fresh and conventional TT
The mango pulp was processed under optimized HPP condition (600 MPa/52 C/10 min) and the product quality was compared with untreated and conventional thermally treated TT (0.1 MPa/95 C/15 min) samples, as summarized in Table 1 .
Color parameters. Color (L*, a*, b*) values of mango pulp changed significantly (p < 0.05) during both HPP and TT (Table 1 ). These changes have been attributed to the expulsion of air from pulp tissue upon pressurization (Landl et al., 2010) and gelation of mango pulp (Oey et al., 2008) , destruction of color pigments, and nonenzymatic browning reactions caused by high process temperature (Ahmed et al., 2002) . These phenomena lead to changes in matrix properties and pulp opacity thus affecting the color perception. Similar trend of color changes has been reported during HPP of mango slices (Boynton et al., 2002) , steam blanching of mango slices (Ndiaye et al., 2009) , and thermal Food Science and Technology International 24(1) A 420 : absorbance at 420 nm; AA: ascorbic acid; AM: aerobic mesophiles; GAEAC DPPH and GAEAC ABTS : in vitro antioxidant capacity using DPPH and ABTS þ assays, respectively; HPP: high pressure processing; importance: importance given to each sensory attribute; LAB: lactic acid bacteria; OSA: overall sensory acceptability; PC: psychrotrophs count; PME: pectin methylesterase; POD: peroxidase; PPO: polyphenol oxidase; QE: quercetin equivalent; TA: titratable acidity; TC: total coliforms; TCD: total color difference; TF: total flavonoids; TP: total phenolics; TSS: total soluble solids; TT: thermal treatment; YM: yeasts and molds. processing of mango juice (Santhirasegaram et al., 2013) . Owing to the significant variation in color values (p < 0.05), TCD (relative to untreated) increased considerably after HPP (TCD ¼ 3.5), though these changes were comparatively higher in TT (TCD ¼ 5.5). HPP at ambient temperatures (20 C) does not affect mango pulp color (Ahmed et al., 2005) ; however, significantly higher color change obtained in mango pulp in the present study might have resulted due to higher process temperature of 52 C (Ramirez et al., 2009 ). Severe process temperature (95 C) also explains higher TCD in TT samples. A similar effect of TT on mango juice color has been reported in past (Santhirasegaram et al., 2013) .
The A 420 values increased significantly during both HPP and TT (p < 0.05), indicative of sample browning. Relatively higher degree of browning was noted in TT samples, resulting from nonenzymatic browning caused due to the use of high processing temperatures (Ahmed et al., 2002) . Overall, the color changes in mango pulp, though moderate, were statistically significant during HPP (p < 0.05) but not as severe as in TT sample.
Biochemical parameters, bioactive components, and antioxidant capacity. The pH, TA, and TSS content of untreated mango pulp were 4.0, 0.50 g citric acid 100 g À1 pulp and 20.0 Brix, respectively. As evident from Table 1 , changes in pH, TA, and TSS during HPP and TT were not significant (p > 0.05), hence, preserving these parameters in mango pulp.
The bioactive components of untreated, optimized HPP, and TT mango pulp are reported in Table 1 . The DPPH and ABTS þ assays were employed for estimation of antioxidant capacity of mango pulp, as both these methods have been widely used to evaluate antioxidant activities of natural components in fruit products (Moon and Shibamoto, 2009) . The bioactive components of mango pulp remained unaffected upon HPP (p > 0.05); AA was retained up to 95%, TP was 106%, in vitro antioxidant capacities GAEAC DPPH and GAEAC ABTS were retained up to 108 and 106% of their original content, respectively, showing that HPP had minimal effect on these fruit constituents (Barba et al., 2012; Bodelon et al., 2013) . Additionally, vacuum packaging of mango pulp may have contributed toward AA retention (Oey et al., 2008) .
On the other hand, TF content increased significantly in HPP sample by 18% (p < 0.05), which might be due to pressure-induced extraction effect. High pressure has been used as an effective technique to increase extraction of biomolecules such as polyphenols in plant systems (Prasad et al., 2009 ). This effect has been attributed to its aptitude to deprotonate charged groups and to disrupt salt bridges and hydrophobic bonds in cellular membranes, which may lead to higher permeability (Rawson et al., 2011) . Further, the use of moderately high temperatures during HPP (52 C) might have contributed toward the enhanced extraction of polyphenols by increasing the permeability of cellular membranes. The antioxidant potential of fruits arises from the cumulative scavenging action of bioactive constituents such as AA, TP, and TF. HPP is known to preserve antioxidant characteristics in foods, which has been shown to be dependent on process conditions and product (Barba et al., 2012; Oey et al., 2008; Rawson et al., 2011) . All these factors are responsible for the preservation of health-benefiting bioactive constituents in the developed product through HPP.
In comparison, TT severely decreased the content of bioactive components in mango pulp and destroyed up to 38, 17, 27, 29, and 30% AA, TP, TF, DPPH , and ABTS þ scavenging capacity of mango pulp, respectively; these losses might be attributed to heat sensitivity of the bioactive constituents (Rawson et al., 2011) . More than 50% destruction of AA has been reported in mango juice during TT (Santhirasegaram et al., 2013) . Similarly, high TP losses recorded during TT might have been caused by exposure of mango pulp to severe temperatures for prolonged durations (Rawson et al., 2011) . Any alteration in phenolic content is significant to fruit quality as they contribute toward antioxidant potential and flavor in plant systems. Flavonoids are very susceptible to destruction when exposed to high temperatures (Rawson et al., 2011) ; however, pressure application has been shown to reduce these losses (Barba et al., 2012; Rawson et al., 2011) . Similar changes in flavonoids content during HPP have been observed in various foods such as strawberry puree (Bodelon et al., 2013) , plum puree (Gonza´lez-Cebrino et al., 2012) , and nectarine puree (Garcı´a-Parra et al., 2011) . Use of severe temperatures may explain greater losses of antioxidant potential during TT, which affected heat-labile bioactives of fruit products (Nicoli et al., 1999) . Further, slightly dissimilar values obtained for DPPH and ABTS þ assays might be due to their variable sensitivities toward bioactive components in mango pulp (Moon and Shibamoto, 2009).
Enzyme inactivation. Effect of optimized HPP and TT on inactivation of mango enzymes is given in Table 1 , which shows that TT resulted in more than 90% inactivation of all the three enzymes. High temperatures during TT are responsible for denaturing the enzyme proteins, rendering them inactive. More than 90% inactivation of PPO and POD of mango pulp during similar TT (93.5 C for 16 min) has been reported (Vasquez-Caicedo et al., 2007) . In comparison, optimized HPP condition partially reduced the activity of Food Science and Technology International 24(1) enzymes to $50% because the effect of pressure on enzymes structure is considered noninvasive; hence, its effect on their activity is significantly lower than temperature. These aspects of HPP for enzyme inactivation in fruit products have been recently discussed (Chakraborty et al., 2014a) . Among the enzymes, PME inactivation was comparatively lesser than PPO and POD, which might be due to the higher baroresistance of the former, as reported previously .
Microbiological attributes. Changes in the population of natural microflora of mango pulp samples during optimized HPP condition and TT are presented in Table 1 . The initial population of natural microflora ranged within 5-6 log 10 CFU g À1 , which is typical of fruit products owing to the natural microflora and contamination during preparation steps (Tribst et al., 2009) . Both HPP and TT effectively reduced the microbial population to undetectable levels, achieving more than 5 log 10 units destruction and leading to microbially safe pasteurized product in compliance with FDA 5 Log-HACCP rule (San Martin et al., 2002) . High pressure has been proved effective in destroying the natural microflora of foods with or without the assistance of temperature (Mu´jica-Paz et al., 2011) . Similar to present findings, many studies have indicated that TC and LAB group of microorganisms are relatively barosensitive in fruit beverages (Patterson, 2005) . In addition, during TT (110 C for 8.6 s), more than 4 and 3 log 10 units reduction of YM and AM in mango pulp has been reported previously (Liu et al., 2013) . Higher inactivation (5 log 10 units) achieved during TT of mango pulp in the present work might be due to the comparatively longer duration of thermal processing (95 C/15 min).
Sensory quality. The sensory attributes adjudged were color, appearance, body, aroma, taste, mouthfeel, and aftertaste. These aspects have been cited as important for assessing mango pulp quality for consumer preference (Kader, 2002) . Mean scores of various sensory attributes as given by the judges and OSA of the pulp as calculated using equation (1), are given in Table 1 . As indicated by ANOVA, HPP samples were found to be similar to fresh mango pulp in terms of sensory scores (p > 0.05), indicating high pressure had minimal effect on organoleptic quality of mango pulp, which is an advantage. HPP has been extensively shown to preserve fresh-like attributes of various foods, including fruit products (Barba et al., 2012; Oey et al., 2008) . It is a major advantage in fruit puree or juice processing as the consumer demand for ''healthy,'' ''nutritious,'' and ''natural-like'' processed products can be fulfilled. It may also be noted that though insignificant, small decrease in sensory scores obtained during HPP (Table 1 ) might have occured due to the variations observed in color values and phenolics/flavonoid content of the pulp, as these parameters are associated with color/appearance and aroma/flavor changes of the fruit products (Barba et al., 2012) . Also, inactivation of browning enzymes and PME might have played a role in minimizing the changes to color and body of mango pulp, respectively (Chakraborty et al., 2014a) . On the other hand, sensory quality was significantly decreased by TT (p < 0.05) which might be due to severe changes caused by the use of high processing temperatures ($95 C). Main causes for the low sensory scores of TT samples might be color degradation and off-flavor due to the presence of Maillard reaction products, pigment destruction, and loss of flavonoids (Ahmed et al., 2002; Chauhan et al., 2010; Rawson et al., 2011) . Also, mango pulp is rich in pectin that may have partially formed a weak gel during TT (Gundurao et al., 2011) , causing substantial changes in body, mouthfeel, and appearance of the product during processing.
Overall, the optimized HPP condition produced mango pulp with moderate color changes, retained nutritional and fresh-like sensory quality in addition to ensuring the microbial safety of the product. In comparison, substantially higher losses of mango bioactives and similar microbial destruction were observed in TT sample, though enzyme inactivation was higher than HPP. Lower inactivation of enzymes might affect the storage stability of HPP product; however, considerably better nutritional quality than TT might compensate for this.
Changes in quality of high pressure and thermally processed mango pulp during storage
The mango pulp, packed in different packaging films (CoEx, EVOH, and AL), was subjected to HPP (optimized conditions of 600 MPa/52 C/10 min) and analyzed for quality changes during storage at refrigerated (5 C) and acceleration temperatures (37 C). Further, its storage stability was compared with conventional thermal treatment TT (0.1 MPa/ 95 C/15 min), as per the methodology detailed in ''Quality analysis'' section. The findings have been discussed in the present section.
Changes in color parameters. Effects of refrigerated (5 C) and accelerated (37 C) storage on color parameters of HPP and TT mango pulp samples are presented in Figure 1 . Both TCD and A 420 increased over the storage period, irrespective of the storage temperature, which is characteristic of fruit-based products (Gil et al., 2006) . The orange-yellow color of mango pulp changed to brown as storage progressed, and this change was most rapid in untreated sample, whereas, HPP and TT showed slower changes due to the beneficial effects of processing (Gil et al., 2006) . Browning of fruit-based products is caused by enzymes such as PPO and POD and microbial growth, leading to changes in color, flavor, and nutritive value, which are otherwise inactivated by processing; for instance, in the present case by HPP and TT. However, many other reactions can also take place that affect color changes during storage (Friedman, 1996) ; such as pigments decomposition, formation of brown pigments by nonenzymatic browning (Maillard) reactions, and AA degradation (Buglione and Lozano, 2002; Manzocco et al., 2001) .
Further, type of packaging material significantly affected the color changes during accelerated storage (p < 0.05), whereas small influence was observed at refrigerated temperatures (p > 0.05). This deviation can be explained by the dependency of film barrier properties on storage temperature that are inversely correlated. Among the studied packaging materials, AL was found to retain maximum color that might be due to superior oxygen, water vapor, and light barrier properties (Galic et al., 2011) .
Changes in TCD during storage were fitted to zeroorder reaction model as shown in equation (2), selected based on higher correlation coefficient between observed and predicted TCD values (Jaya and Das, 2003) ÁTCD
where ÁTCD t ¼ TCD max À TCD t ð Þ , TCD max is the maximum color difference obtained for the sample during entire storage period t (days), and k is the rate of color change (day À1 ). The obtained k values (reaction rate constant) (Table 2) indicated that increase in TCD was considerably higher during accelerated storage than under refrigerated storage (p < 0.05). Further, during refrigerated storage AL retort pouches showed maximum stability indicated by lower k values, whereas the impact of CoEx and EVOH was comparable (p > 0.05).
Changes in pH, TA, and TSSs content. During storage, pH and TSS decreased whereas TA increased significantly (p < 0.05), these changes are characteristic of fruit-based products due to normal biochemical changes during storage and depended on storage temperature, processing, and packaging (data not shown). Both the processing methods stabilized the food matrix and reduced the deteriorative reactions thereby minimizing the changes in pH, TA, and TSS compared to the untreated. Refrigerated storage led to $10% changes relative to their 0th day value, whereas this change was $20% in case of accelerated storage, owing to higher storage temperature in the latter (37 C). Untreated samples showed significantly higher changes (p < 0.05), compared to HPP and TT samples. Among packaging materials, highest stability was shown by AL in both HPP and TT treatments, followed by CoEx and EVOH films under both refrigerated and accelerated storage conditions. Similar changes in fruitbased products have been reviewed in the past (Barba et al., 2012; Gonzalez-Cebrino et al., 2012) .
Changes in bioactive components. Relative changes (%) in the content of bioactive components of untreated and processed mango pulp samples (with respect to 0th storage day) during storage (i.e. The changes in bioactives of fruit products during storage are dependent on processing type, storage temperature, enzyme activity, microbial growth, Maillard reactions, AA degradation (following either an aerobic or anaerobic pathway), and changes in barrier properties of packaging film. All these factors work together to destabilize the food products during storage life (Kalt, 2005) . As the storage period progressed, contents of bioactives decreased faster under accelerated condition than refrigeration and these changes were highest in untreated irrespective of the storage conditions. The loss of bioactives was considerably lower during refrigerated storage than accelerated conditions due to the reduced rate of biochemical reactions under lower temperature of storage.
The AA, TP, TF, GAEAC DPPH , and GAEAC ABTS content of untreated samples decreased up to 40 and 20% (Figure 2(a) and (b) , respectively), 26 and 13% (Figures 3(a) and 4(a) , respectively), 28 and 16% (Figures 3(b) and 4(b) , respectively), 29 and 17% (Figures 3(c) and 4(c), respectively), 31 and 19% (Figures 3(d) and 4(d) , respectively) after 20 and three days during refrigerated and accelerated storage of 120 and 63 days, respectively. Both HPP and TT samples showed similar AA losses of up to 38 and 44% at the end of refrigerated (Figure 2(a) ), and 56 and 49% losses after accelerated storage (Figure 2(b) ), respectively. The TP and TF content also reduced with storage in all the samples (Figures 3 and 4) , which might be due to the oxidation degradation of phenolic compounds and the polymerization of phenolic compounds with proteins (Cao et al., 2012) . These changes were substantially faster at a higher storage temperature of 37 C than at low temperature (5 C). The maximum loss of TP and TF was less than 37 and 22% at the end of refrigerated storage (120 days), whereas at the end of accelerated storage (63 days), losses were less than 40 and 26%, respectively.
Reduction of antioxidant capacity of mango pulp was observed in all the samples with the progression of storage period ( Figures 3 and 4) ; however, its rate varied with processing method, packaging, and storage temperatures. These changes result from the variations obtained in AA, TP, and TF content during storage. Similar changes in bioactives during storage have been reported in strawberry juice (Cao et al., 2012) , blueberry juice (Buckow et al., 2010) , nectarine puree (Garcia-Parra et al., 2011) , fruit smoothies (Keenan et al., 2010) , and apple puree (Landl et al., 2010) . Similar to AA, TP, and TF, loss of antioxidant capacity was faster under accelerated storage than refrigerated temperatures. Under accelerated conditions, maximum losses of bioactives were apparent in samples packed in EVOH film that might be because oxygen barrier in these films is temperature dependent, higher the storage temperature higher is OTR; hence leading to greater losses (Bull et al., 2010; Galic et al., 2011; Mokwena and Tang, 2012) . These changes were least in AL packaging, due to its high barrier against processing temperatures and storage (Bull et al., 2010) . In comparison, relatively less influence of packaging type was noted during refrigerated storage in preserving the bioactive compounds of mango pulp. Values reported as mean AE standard deviation (N ¼ 6). Different alphabets ''a-f'' in the same column depict significant difference (p < 0.05).
The changes in bioactive components, antioxidant potential, and color during processing and subsequent storage were compared using Pearson's correlation, and the results have been presented in Table 3 . TCD and A 420 values were well correlated with changes in AA and TP (R 2 > 0.70), indicating that both enzymatic and nonenzymatic browning were involved in changing the color of mango pulp. Further, correlation between antioxidant capacity (GAEAC values) and bioactive components (AA, TP, and TF) was also good (R 2 > 0.70), which confirms that changes in these factors were interdependent, as explained above.
Further, the kinetics for AA losses were developed by fitting first-order reaction model as shown in equation (3), selected based on higher correlation coefficient between observed and predicted AA content
where ''C t '' is AA content after ''t'' days of storage, ''C o '' is the initial AA content in the corresponding sample, and ''k'' is the rate of AA loss (day À1 ). Table 4 indicated that rate of AA loss was significantly higher during accelerated storage than under refrigerated storage (p < 0.05). Further, AL retort pouches showed maximum stability during accelerated storage, indicated by lower ''k'' values, whereas CoEx and EVOH showed similar influence (p > 0.05). Similar first-order loss of AA during storage has been reported in HPP and TT reconstituted orange juice by Polydera et al. (2003) .
Changes in enzyme activity. The changes in enzyme activity of PME, PPO, and POD during storage under refrigerated and accelerated conditions are presented in Figures 5 and 6 , respectively. The observed variation is associated with characteristic biochemical changes occurring in fruit products with time and thought to be related to the matrix pH, oxygen availability, and protease release from tissue through time. In addition, low temperature during refrigerated storage might have contributed to low enzyme activity and maintaining overall fruit pulp quality. However, after initial decrease, the activity of PPO and POD showed 7  14  21  28  33  38  43  48  53  58  63  0  7  14  21  28  33  38  43  48  53  58  63   0  7  14  21  28  33  38  43  48  53  58  63  0  7  14  21  28  33  38  43  48  53  58 ; error bars denote 95% confidence interval (N ¼ 4) ). GAEAC DPPH and GAEAC ABTS : in vitro antioxidant capacity using DPPH and ABTS þ assays, respectively.
substantial increase in untreated samples during the accelerated storage (Figure 6 (b) and (c)). The increased activity observed in PPO and POD during storage of the HPP-treated mango pulp might be due to the leaching of both enzymes from the intracellular compartment to the matrix. In part, the application of stress conditions such as wounding to plant tissues, caused by microbial growth and/or other biochemical degradation, may induce the activation of defense mechanisms that trigger the biosynthesis of these enzymes (OrozcoCardenas et al., 2001 ). The POD enzyme showed some recovery in HPP samples packed in CoEx and EVOH films after 60 days of refrigerated storage; similar recovery was also observed in HPP-AL samples after 90 days. During accelerated storage, both PPO and POD recovered after 33 days, and PME recovered at the end of 58 days; relatively quick enzyme recovery might be attributed to higher storage temperature, i.e. 37 C, which is considered optimum for activity of these enzymes. Reactivation of enzymes in samples treated with HPP has been mainly explained as being caused by the unfolding and refolding of enzymes back to the initial or other active structures (Sun et al., 2002) . The residual activities of PME, PPO, and POD enzymes in HPP samples at the end of refrigerated and accelerated storage were 14-30, 30-42, and 54-69% and 27-40, 36-72, and 75-91%, respectively. Similar changes in these enzymes have been reported by several researchers in various high pressure processed fruit products (Buckow et al., 2010; Gonzalez-Cebrino et al., 2012; Krebbers et al., 2002) .
In comparison, all the three enzymes in TT samples remained stable throughout the refrigerated storage with residual activity being <10% (Figure 5 ). This might be due to the fact that TT effectively inactivated most of the enzymes (>90%) in the mango pulp on the 0th storage day itself, and subsequent low-temperature storage acted as additional hurdle that inhibited their recovery. Thermal processing has been used extensively in the food industry to stabilize fruit products by inactivation of spoilage-causing enzymes (Chakraborty et al., 2014a) . However, during accelerated storage, recovery of all the enzymes was seen for samples packaged in CoEx and EVOH films, which might be attributed to high storage temperature (optimal for enzyme activity) resulting in lowered oxygen barrier of these films ( Figure 6 ). These changes might be associated with high TCD and degree of browning observed in samples packed in CoEx and EVOH films for both HPP and TP (Figure 1) . . Residual activity (%) of (a) PME, (b) PPO, and (c) POD enzymes in different mango pulp samples during accelerated storage (37 C) (error bars depict standard deviation (N ¼ 6)). PME: pectin methylesterase; POD: peroxidase; PPO: polyphenol oxidase.
Microbial stability during storage. During storage, the microbial stability of processed mango pulp was maintained (colony count < 30 CFU g À1 ), irrespective of the treatment given (Figure 7) . However, progressive increase in microbial counts was noticed in untreated mango pulp and samples were considered spoiled after 20 and three days under refrigerated and accelerated conditions (Barth et al., 2009) , respectively; beyond which quality examination was not performed. Similar microbial growth in untreated mango pulp has been reported in the past in fruit products during storage (Chien et al., 2007; Youssef et al., 2002) . In processed mango pulp, TC, LAB, and psychrotrophs count did not show any growth throughout the storage period, indicating that both HPP and TT were sufficiently severe to injure/kill these microorganisms with no subsequent recovery under both refrigerated and accelerated conditions. On the other hand, some recovery was shown by AM and YM during storage; however, their counts were still < 30 CFU g À1 . Recovery of microorganisms during refrigerated storage was slow and observed after an initial lag period of 80 days, whereas, under accelerated conditions it occurred rapidly at 48 days of storage (Figure 7) . Maximum microbial stability was shown by AL-based retort pouch for both HPP and TT samples, as no growth was detected till the end of 120 and 63 days of refrigerated and accelerated storage, respectively. It is interesting to note here that over the period of storage, the samples stored under refrigeration temperatures did not show recovery of psychrotrophs but mesophilic count increased after an initial lag phase (Figure 7) . It is possible that injured mesophiles including yeast and mold might have survived refrigeration. Mesophiles have been reported to survive or even grow, though slowly (especially some species of yeast and mold), during long refrigeration periods (Marth, 1998) . They grow rapidly and optimally when temperatures are ideal, as seen during accelerated storage.
According to the AIJN-Code of practices (European Fruit Juice Association) (AIJN, 2015) , acceptable microbial quality for good export value mango pulp are that AM and YM counts be <10 CFU g À1 and TC counts be nil. Hence, retort (AL) pouch samples had acceptable counts of microorganisms during entire storage period for refrigerated storage; the TTCoEx and TT-EVOH samples reached unacceptable count of AM after 100 days of refrigerated storage, whereas, it was 110 days for HPP-CoEx and HPP-EVOH. Under accelerated conditions, HPP-AL and all the TT samples maintained < 10 CFU g À1 count until the end of storage (63 days), whereas the AM reached the unacceptable levels in HPP-CoEx and HPP-EVOH samples on 63rd day (Figure 7(c) ). Good microbial stability of fruit products processed using HPP and TT has been well documented in past (Bermu´dez-Aguirre and Barbosa-Ca´novas, 2011).
Comparatively longer microbial acceptability of samples packed in AL-based retort pouch might be due to superior barrier properties of retort packaging to light, oxygen, and water vapor transmission (Galic et al., 2011) , thus delaying microbial growth. Further, HPP samples gave comparable microbial stability as TT, which further assure in establishing HPP as an alternate processing technology. Additionally, microbial stability during storage might be responsible for moderate changes observed in pH, TA, and TSS of mango pulp; hence preserving its quality.
Changes in sensory quality. Sensory analysis of mango pulp was conducted for samples stored under refrigerated condition only. During storage of food products, quality losses are expected resulting from color changes, biochemical reactions, and enzymatic or microbial activity. These changes lead to loss of organoleptic quality that directly affects the consumers' choice; hence, monitoring the sensory acceptability of the product during shelf-life studies holds prime importance. The attributes adjudged were color, appearance, body, aroma, taste, mouthfeel, and aftertaste. The calculated OSA score during refrigerated storage is presented in Figure 8 . Samples with OSA score of >5 were considered acceptable and those with OSA < 5 unacceptable for consumption. During refrigerated storage, both HPP and TT samples maintained acceptable sensory quality (OSA > 5) through 110 days, irrespective of the packaging material used. Further, OSA of HPP samples remained significantly superior to that of TT during the entire storage period (p < 0.05), indicating that process conditions of HPP were sufficient to obtain sensory stability. At the end of the storage period, OSA score of TT samples was found <5, indicating that the sensory shelf-life of TT samples was limited to 110 days (Figure 8 ). In comparison, HPP samples remained acceptable for the entire storage period of 120 days. Higher shelf-stability of HPP mango pulp might be the result of reduced changes due to low microbial growth and better sensory quality to start with. Many studies report that HPP preserves fresh-like organoleptic attributes of fruit products during processing and storage, and overall quality is superior to their thermally processed counterparts, as reviewed by Barba et al. (2012) . For example, sensory shelf-life of 42 days during HPP (600 MPa/23 C/3 min) and subsequent storage at 4 C has been reported in mango pulp by Jacobo-Vela´zquez et al. (2010) . Comparatively longer shelf-life of 120 days achieved for mango pulp was due to application of higher processing temperatures (i.e. 52 C) and longer duration of HPP (i.e. 10 min), which resulted in higher inactivation of spoilage-causing factors such as enzymes and microorganisms.
Quality loss indicators and shelf-life estimation
The shelf-life of a fruit product depends on many factors, among which A 420 , AA loss, microbial spoilage, and sensory acceptance were considered to estimate the shelf-life of mango pulp stored under refrigerated and accelerated conditions. Relative change of >2.0 in A 420 values was considered as shelf-life limiting (based on visual examination) as browning of mango pulp increased during storage, making the product unacceptable (Figure 1 ). Substantial changes in AA content of mango pulp were reported during both refrigerated and accelerated storage (Figure 2 ), due to which its 50% loss was considered as shelf-life limiting criteria. Similar criteria have been employed for the shelf-life estimation of many fruit-based products in the past (Barba et al., 2012) . The half-life data (t 1=2 , days) which indicated the days taken for 50% loss was calculated using AA loss rate constant (k, day À1 ), as shown in equation (4) t 1=2 ¼ lnð2Þ k
The processed samples that reached microbial count >10 CFU g À1 were regarded as microbiologically unacceptable as explained in ''Microbial stability during storage'' section ( Figure 7) . Further, sensory shelf-life ended when the sample OSA < 5, which is indicative of the fact that the samples were regarded sensorially unacceptable for consumption by the panel of judges (Figure 8 ). Based on the criteria mentioned above, final shelf-life estimated for each mango pulp sample is highlighted in bold in Table 5 .
It is evident from Table 5 that the shelf-life of mango pulp was influenced by processing method and packaging material. The shelf-life of untreated mango pulp during refrigerated and accelerated storage was the least among all the samples and limited to five and one days, respectively, due to excessive microbial growth (>6 log 10 CFU g À1 ) and browning (relative change in A 420 > 2.0) owing to the action of browning enzymes, regardless of the packaging type. Further, HPP gave better shelf-life (120 days) than TT (110 days) during refrigerated storage with AL packaging, whereas maximum shelf-life was equivalent by both processing methods during accelerated storage (58 days). Though the shelf-life obtained for mango pulp by both the processing methods was similar, HPP preserved color, bioactive components, and sensory quality considerably better than TT. Further, it was noted that during refrigerated storage, the shelflife of mango pulp was mainly limited by microbial growth, whereas browning was considered spoilage factor during accelerated storage. Hence, the HPP condition (600 MPa at 52 C for 10 min) may be applied as an alternative processing method for preserving the mango pulp.
CONCLUSIONS
In the present study, HPP was found to be superior than conventional thermal treatment in retaining the color, bioactive components, and sensory attributes of mango pulp. Storage stability and shelf-life of mango pulp were considerably affected by processing method, packaging material, and storage temperature. Further, the browning changes, AA loss, microbial growth, and sensory quality were considered as the shelf-life limiting factors for mango pulp. HPP resulted in similar shelflife as thermal treatment, AL was adjudged superior among the packaging films, and refrigerated temperatures stabilized the mango pulp better than accelerated storage. The maximum shelf-life obtained for mango pulp under refrigerated and accelerated conditions in ALs was 120 and 58 days for HPP, respectively, compared to 110 and 58 days for thermal treatment, respectively. Hence, the HPP condition (600 MPa at 52 C for 10 min) may be applied as an alternative processing method for preserving the mango pulp. Based on the results of the present study, pilot-scale study may be conducted for the developed HPP process for preserving the mango pulp. 
